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INTRODUCTION
Fishing activity in the North Sea has increased markedly over the course of the 20th century (Daan et al. 1990 , Greenstreet et al. 1999 , and consideration of the effects of this on various components of the marine ecosystem has generated considerable interest. Addressing the issues raised has brought about profound changes in the way that marine natural resources are being managed: away from the traditional single-species approach applied to the targeted commercial species, towards a more holistic ecosystem approach to fisheries management (EAFM) (Gislason et al. 2000 , Hall & Mainprize 2004 , Cury & Christensen 2005 , Garcia & Cochrane 2005 , Frid et al. 2006 . Full implementation of an EAFM requires understanding of the impacts of fishing on all major ecosystem components, and of the consequences of these on ecosystem functioning.
Two approaches have generally been adopted to examine the impact of fishing on the benthic invertebrate component of marine ecosystems. Firstly, experimental fishing studies, usually undertaken in lightly or unfished areas , have focused on the immediate direct effects of the passage of fishing gears over 'previously undisturbed' benthic communities. These experimental studies, which have revealed effects at both species (e.g. Tuck et al. 1998 , Sanchez et al. 2000 , Kenchington et al. 2006 ) and community levels (e.g. Thrush et al. 1995 , Kaiser & Spencer 1996 , Kaiser et al. 1998 , have recently been comprehensively reviewed in 2 meta-analyses that have derived broad overviews of the immediate direct impact of fishing disturbance on benthic invertebrate communities (Collie et al. 2000 ).
An alternative approach involves the comparison of benthic invertebrate communities across gradients of fishing intensity. Generally, such studies have focused on changes in the benthic community brought about by fishing disturbance that is integrated over prolonged periods (Frid et al. 1999) , and in recent years have tended to concentrate on the larger epifaunal components of the benthic ecosystem, rather than on infaunal communities (Blyth et al. 2004 , Tillin et al. 2006 . Within epifaunal communities, reductions in biomass, secondary production and species diversity have frequently been associated with increased fishing disturbance , Tillin et al. 2006 , but the relationships are not so clear-cut among infaunal communities. In some cases, significant relationships between infaunal production and fishing intensity have simply not been detected . In others, the interpretation of comparisons of infaunal communities across fishing effort gradients has been hampered by strong, covarying gradients in environmental conditions, which also influence the distributions of individual infaunal species and contribute to the structuring of infaunal communities (e.g. Queirós et al. 2006 ). An alternative hypothesis that intensive trawling may even enhance secondary production among the smaller benthic organisms (e.g. Rijnsdorp & Vingerhoed 2001 , van Keeken et al. 2007 , Hiddink et al. 2008 ) cannot be discounted at this stage (but see Jennings et al. 2002) .
The southern North Sea has been heavily fished throughout the 20th century, and this persistent disturbance to the benthic community from fishing may have altered the benthic fauna to form more resilient, disturbance-adapted communities (e.g. Kaiser et al. 2000a,b) . At a specific high level of disturbance, benthic communities may approach an equilibrium disturbed state in which a further increase in disturbance has little additional impact. Indeed, recent theoretical size-based modelling has suggested this to be the case in terms of effects on infaunal production and biomass in areas of the North Sea that are already heavily fished (Duplisea et al. 2002 ). Since future ecosystem-based fisheries management strategies will be mainly based on the modulation of fishing activities within these existing fishing areas, it is important that we test these theoretical predictions. If the predictions are right, reducing fishing effort in areas that have been heavily fished for many years would be of little benefit to the benthic component of the ecosystem.
In this study, we investigated the variation in infaunal community characteristics (total abundance, biomass, species diversity and community structure) and a key ecosystem process (production) across a quantified fishing effort gradient within an area of homogeneous soft-bottom habitat in the southern North Sea that has been heavily trawled for decades. The overall objective was to investigate whether the effects of fishing on benthic infaunal community structure and function were detectable in areas with long histories of fishing.
MATERIALS AND METHODS
Study area. The study area, which is part of the 'German small-scale bottom trawl survey' (GSBTS) (Ehrich et al. 2007) , is located in the German Bight ~20 nautical miles (n miles) northwest of the island of Helgoland (Fig. 1) . The area was chosen for several reasons. Firstly, beam trawls (heavy gears that are towed quickly and penetrate deeply into the sediment) are widely used here, beam trawling being generally considered to be one of the most damaging of anthropogenic activities to North Sea benthic communities (e.g. Piet et al. 2000) . The study area is situated in one of the most heavily beam-trawled ICES statistical rectangles in the North Sea (Jennings et al. 1999 , Piet et al. 2007 , and can be considered to be occupied by a benthic community that has been subjected to chronic long-term heavy fishing disturbance. Secondly, the study area is situated just outside the plaice box, which was established in 1989 to reduce bycatch mortality on juvenile plaice. Introduction of the plaice box resulted in a major reallocation of effort to adjacent areas (Piet & Rijnsdorp 1998 , Pastoors et al. 2000 , which is likely to have subjected the study area to a sudden sharp increase in fishing pressure, in addition to its already being heavily fished. Thirdly, despite being located within a region of the North Sea which is considered to be heavily fished at the spatial scale of the ICES statistical rectangle, fishing intensity within the study area still varies markedly at a finer spatial resolution. Finally, the area is relatively homogeneous in terms of environmental characteristics. It is 35 to 45 m deep, with muddy sand sediments. Mean water temperatures range from 4°C in winter to 17°C in summer (Ehrich et al. 2007) . Variation in the characteristics of the benthic community are therefore likely to be driven far more by changes in fishing regime than by variation in environmental conditions. Fishing disturbance. Fishing by Dutch beam trawlers represented ~75% of international trawl effort in the area (van Keeken et al. 2007 ). Variation in fishing disturbance from larger Dutch beam trawlers (> 300 hp) across the study area (determined as the number of times each 1' latitude × 2' longitude (approximately 1 × 1 n mile) spatial subunit within the study area was fished per year (fishing frequency) was assessed following the methods established by Piet et al. (2007) . This was derived from automated position registration data between 1994 and 1999 and from vessel monitoring through satellite data between 2000 and 2004. These data were screened to exclude location records where the vessels concerned were not involved in trawling activity (see Piet et al. 2007 ). To determine whether the duration of fishing disturbance had any discernible effect on the benthic infaunal community, fishing intensity data were aggregated over 3 different periods: 'long-term ' (1994 to 2004, 11 (Fig. 1 ). Stations were positioned near the centre of each 1 × 1 n mile grid cell that was used for fishing effort estimations. Three replicates were taken at each station. To obtain infaunal community size structure data, the samples were sieved through a sieve tower consisting of 4, 2 and 1 mm mesh size sieves. Material retained within each sieve was fixed separately in 4% buffered formalin. Species abundance and biomass in each sieve-size fraction were assessed. Biomass per species was determined as ash-free dry weight (AFDW), first by wet weighing and then applying conversion factors (Rumohr et al. 1987 , Ricciardi & Bourget 1998 , Brey 2001 . All tubicolous polychaetes were removed from their tubes prior to weighing. Due to the high abundance of the tentaculate Phoronis muelleri at some stations, subsamples of at least 15% of the total wet weight were processed.
Environmental variables. Sediment samples were extracted from each van Veen infaunal grab sample using a 2 cm diameter plastic tube inserted to a depth of 10 cm. Fresh sediment samples were frozen at -20°C.
For the analysis of mud content, one sample was subsequently freeze-dried and sieved through a 500 µm sieve to remove large shell particles. An aliquot of each sample was placed into a laser particle sizer (Analysette 22 Economy), and automatically homogenized using a stirrer and by ultrasonication. The percentage of different grain size fractions was measured, and the grain size fraction that was < 63 µm was considered as the mud content (%) of the sediment.
Sediment total organic carbon (TOC) and nitrogen (TON) were also determined on freeze-dried samples that had been finely powdered and homogenized. A 10 to 30 mg subsample was combusted at 1010°C in a C/N analyser (Heraeus) within silver sample cups following acidification of the samples with evaporated concentrated HCl in a desiccator to remove inorganic carbonates (Hedges & Stern 1984) .
Water temperature and salinity through the whole water column were measured at each station using a self-recording CTD profiler . Over the course of the 4 wk cruise, thermal and (slight) salinity stratification of the water column occurred in the entire study area. Due to the time lag during sam- pling (sampling took place at the beginning and end of the cruise), the differences in temperature and salinity therefore reflected temporal and not spatial variation. Thus, surface temperature and salinity were used in all statistical analyses.
Data analyses. Total abundance and biomass are given as mean values sampled per m 2 at each station. Diversity metrics (species number; Shannon-Wiener index, H' (log e ); and Pielou's evenness, J') were calculated on the aggregated data from all 3 replicate samples (e.g. Greenstreet & Piet 2008 ) collected at each station using the PRIMER version 6 (Clarke & Warwick 1994 ) software package. Annual somatic production (P; kJ yr -1 m -2 ) was estimated using the empirical method proposed by Brey (2001): (1) where P is the annual production (kJ yr
), M is the mean individual body mass converted to an energetic equivalent using appropriate conversion factors (Brey 2001 ) (kJ), B is the biomass of each species in the 'sample' which is also converted to energetic equivalent (kJ), T is water temperature (°C), D is water depth (m), and C is a taxon-dependent constant (8.495 for annelid and crustacean taxa, 8.133 for echinoderms, and 8.321 for all other taxa). Total community production was calculated for each sample by summing up the production values per species.
Pearson's correlation was used to determine the relationships between fishing effort and environmental variables. The relationships between fishing effort and univariate parameters of the infaunal community, such as diversity measures, abundance, biomass and secondary production, were tested using linear regression.
Multivariate ordination methods were used to define infaunal community structure and examine the relationships between community structure and environmental variables as well as fishing pressure. Analyses were performed based on abundance and biomass data using CANOCO 4.5 (ter Braak & Smilauer 1998). Gradient length (expressed in SD units), which is a measure of how unimodal the species responses are along an ordination axis, was determined using detrended correspondence analysis (DCA).
Since all values were below 3 SD, subsequent analyses were based on linear species-response models (Jongman et al. 1995 , ter Braak & Smilauer 1998 , allowing relationships between infaunal community structure and environmental variables to be further analyzed using redundancy analysis (RDA). RDA is a constrained linear ordination method where the ordination axes are linear combinations of the environmental variables. Environmental variables examined were mud content, total organic carbon content (TOC), total organic nitrogen content (TON), C/N ratio, surface water temperature, salinity, and depth as well as fishing effort for each of the 3 time periods mentioned above. Forward selection was performed to arrange the environmental variables according to the amount of variance in the species data they captured (ter Braak & Verdonschot 1995). Statistical significance was tested using a Monte Carlo permutation test (999 unrestricted permutations).
Additionally, partial RDA and variance partitioning (Borcard et al. 1992 ) was used to estimate the importance of fishing pressure alone on the infaunal community structure. Here, residual variance in community structure was related to fishing pressure after accounting for the influence of all environmental variables which were treated as covariables, and vice versa. The covariables used in the partial RDA were all the environmental variables listed above.
RESULTS
For all the time periods considered, fishing intensity (≈fishing effort) of the spatial units ranged from a frequency of 0 to 4.4 times trawled yr -1 (Table 1) . Within the entire German Bight region, 73% of 1 × 1 n mile spatial subunits were fished with an intensity lying between these lowest and highest values observed at the sampled stations. Only 2% of the German Bight region was more intensively fished than the most heavily fished station.
The infaunal community in the study area belong to the Nucula nitidosa community (Kröncke & Rachor 1992 , Reiss & Kröncke 2005 . The most dominant species based on abundance and biomass as well as the mean community characteristics are listed in Table 2 . The dominance structure of the infaunal community was rather similar in the entire study area, with the tentaculate Phoronis muelleri and the polychaete Owenia fusiformis being the most abundant species, and the bivalve Nucula nitidosa and the echinoderm Echinocardium cordatum dominating the biomass (Table 2 ). Higher abundances in the heavily trawled area compared to the lightly trawled area were mainly found for opportunistic species such as P. muelleri, O. fusiformis and the polychaete Lagis koreni, whereas especially N. nitidosa and the brittle star Amphiura filiformis were more abundant and showed higher biomass values in the lightly trawled area (Table 2) .
Infaunal mean total biomass, secondary production and species number decreased significantly with increasing fishing effort (Fig. 2) . In terms of biomass, the duration of the fishing effort period considered made log log . log . ( ) . . log ( ) M T + no difference to the result, but the effect of fishing intensity on secondary production and species number was apparent only for the short-term fishing effort period (Fig. 2) . Variations in fishing effort had no significant effect on mean total abundance, or on either of the diversity measures (the Shannon-Wiener and evenness index) that took species relative abundance into account.
Despite the relatively homogeneous environmental characteristics for which the study area was selected (Table 1) , some covariance between fishing intensity and some environmental variables was apparent (Table 3) . This raises the possibility that the changes in the infaunal community that are related to fishing intensity in Fig. 2 might instead have been caused by differences in sediment characteristics between the stations. This alternative explanation seems unlikely, however, considering the fact that no significant relationships were observed between infaunal biomass, production and species richness and any of the environmental variables examined (Fig. 3) . On the other hand, infaunal abundance was significantly negatively related to sediment mud and TOC content (Fig. 3) .
Separate analysis of the different size fractions revealed that fishing disturbance induced reduction in infaunal secondary production, mainly for the largersized animals in the community, i.e. those retained in the 4 mm sieve (Fig. 4) . Among the animals retained in the 1 mm sieve, there was an apparent positive effect of fishing intensity on production. Although not statistically significant when all stations were considered, this relationship attained significance when the statistical outlier station, M18, was excluded from the analysis (long-term r = 0.742, p = 0.004; mid-term r = 0.655, p = 0.015; Fig. 4 Table 2 . Dominant species (based on abundance and biomass) of the infaunal community, diversity measures and secondary production in the study area (total mean and SD) for stations with high (M13, M20, M54) and low fishing effort (M18, M62, M65)
Mean total biomass showed similar relationships for the different size fractions (4 mm: long-term r = -0.660, p = 0.010; mid-term r = -0.669, p = 0.009; short-term r = -0.684, p = 0.007; 1 mm: not significant). No significant relationship was found between species number or total abundance and fishing effort except for an increase in the abundance of the 1 mm size fraction with increasing long-term fishing effort (r = 0.660, p = 0.010).
Multivariate analysis using RDA and partitioning of variance for environmental and fishing effort variables revealed that the first 2 canonical axes could explain 53.7 and 50% of the variance in the square root-transformed abundance and biomass data, respectively. Fig. 5 shows the position of the stations relative to the first 2 axes, and indicates the relative importance of the environmental and fishing effort variables. Forward selection indicated that sediment variables were most important for structuring the infaunal community, both in terms of abundance and biomass. The effects of the variables mud content, TOC and TON were significant and explained much of the variance in the abundance data (marginal effects; Table 4 ). The same 3 environmental variables were the best predictors of variance in biomass data, although the effects were insignificant (Table 4) . Stepwise inclusion of variables into the model revealed that mud content (43%), short-term fishing effort (22%) and salinity (8%) had significant effects on abundance (conditional effects; Table 4 ). Mud content (17%) and long-term fishing effort (23%) were most important for the variance in the biomass data, but only the effect of the long-term fishing effort term was significant (Table 4) . Partial RDA and the variance partitioning method were used to separate the variance explained by the environmental variables, the fishing effort and the combined effects of all variables. The results for the square root-transformed abundance data showed that only 6.6% of the variance was explained by fishing effort, 33.5% by environmental variables and 13.9% by the combined effects of both (Fig. 6) . In terms of biomass, the relative importance of fishing effort was somewhat higher, with 14.7% of the variance being explained by fishing effort, 33.5% by the environmental variables and only 1.8% by the combined effects of both. The low value of the shared effect on biomass indicates that fishing effort and environmental variables do not follow the same gradient. 
DISCUSSION
The southern North Sea has been heavily fished throughout the 20th century, with fishing pressure intensifying with the introduction of heavy beam trawling in the 1960s. This persistent disturbance to the benthic community from fishing may have altered the benthic fauna to form more resilient, disturbanceadapted communities (e.g. Kaiser et al. 2000a,b) ; this proposition is partly supported by the few available long-term comparisons of early century and more recent benthic faunal composition (Rumohr & Kujawski 2000 , Callaway et al. 2007 ). Our results here suggest that even in areas that have been heavily fished for decades, infaunal benthic invertebrate communities may remain sensitive to increases in fishing intensity. Thus, although a baseline shift in benthic communities due to chronic fishing disturbance has probably occurred in some areas of the North Sea during the last century, both infaunal community structure and parameters such as production, biomass and species number were still affected by disturbance due to trawling. This finding contrasts with the assertion that increased trawling effort in already heavily trawled areas would have little (if any) additional impact on benthic communities (e.g. Duplisea et al. 2002 , Hilborn 2007 , and may have important consequences for management.
To date, comparison of sites differing in fishing effort regime has often been hampered by similar gradients in environmental variables (e.g. , Jennings et al. 2001a , Blyth et al. 2004 ). On a large spatial scale, benthos abundance, distribution, and fishing effort have been found to follow the same environmental gradients (mainly depth and sediment composition), indicating that the distribution of benthos and, at least, the demersal fish species targeted by beam trawlers are influenced by the same environmental variables . Even on smaller spatial scales, fishing effort has been found to be closely related to sediment characteristics, making it difficult to distinguish between the effects of sediment structure and fishing disturbance (e.g. Queirós et al. 2006) . In contrast, trawling can also change sediment characteristics and nutrient cycling due to disturbance and resuspension of the surface sediments (Mayer et al. 1991 , Duplisea et al. 2001 , Trimmer et al. 2005 . Fishing disturbance was found to cause shifts in particle size towards the fine fraction (Trimmer et al. 2005) matter (Mayer et al. 1991) . Moreover, the release of N compounds following resuspension of the upper 2.4 cm of the sediment as modelled by Blackburn (1997) seems to be likely, since trawling gears usually penetrate the sediment beyond this depth (Fonteyne 1994) . In our study, sediment variables such as mud and TOC content were also significantly correlated with longand mid-term fishing effort, suggesting that fishing patterns may follow the environmental strata or directly influence environmental (sediment) conditions, even at small spatial scales. However, the direct correlations between the faunal and environmental characteristics clearly showed that variation in environmental variables was not responsible for the observed declines in production, biomass and species richness of the infauna, leaving differences in fishing intensity to be the only possible factor to have significantly affected these infaunal community characteristics and processes. Other indirect effects of fishing on infauna might be an enhancement of benthic production due to increased primary production, which could result from the release of nutrients due to resuspension of sediments caused by fishing activities (Jennings et al. 2001a ). However, these effects would take place on much larger spatial scales than addressed in this study. Furthermore, the locations where this effect may occur can be decoupled from the sites of actual fishing disturbance and may thus not be detected in this study. Our finding that the infaunal community structure (in terms of abundance and to a lesser extent, of biomass) was determined by sediment variables such as mud content and TOC content rather than by fishing intensity seems to underpin the role of sediment characteristics in structuring infaunal communities. Sediment composition and, therewith, the quality and quantity of available organic matter, are known to structure benthic communities and determine the distribution of benthic infauna (e.g. Pearson & Rosenberg 1987 , Wieking & Kröncke 2003 , Kröncke et al. 2004 , van Hoey et al. 2004 ). This seems to hold true even on a relatively small spatial scale in habitats with rather homogeneous sediment characteristics as in our study. Nevertheless, besides the observed decrease in total production, biomass and species numbers with increasing fishing effort, the results of the partial RDA show that after partitioning of the variance, the influence of the natural environmental variables was highest, with 33.5% of the variance in abundance and biomass being explained by the natural environmental variables. For biomass, 14.7% of the variance was still attributed to fishing effort, whereas only 6.6% of the variance in abundance was explained by fishing effort. Thus, sediment characteristics were most influential in determining the structure of the infaunal community and fishing had a slight impact on community structure in terms of biomass only.
Studies concerning fishing effects on benthic production have been mainly focused on the larger components of the benthos, such as epifauna and large infauna (e.g. Veale et al. 2000 , Jennings et al. 2001b , Kenchington et al. 2001 , Thrush et al. 2001 , Hermsen et al. 2003 . Here, we found a significant negative relationship between trawling and production of the whole infaunal community. However, in agreement with earlier studies, this effect was found to be driven mainly by the larger size fraction of the infauna sampled (Fig. 4) . This can be explained by the fact that the fishing mortality rate of large sized infauna is typically found to be higher than for smaller organisms (e.g. Gilkinson et al. 1998) . Although smaller animals tend to have higher individual rates of production, the calculation of total community production is strongly influenced by overall biomass; this would explain why there were significant effects of trawling intensity on overall production (Fig. 2) , although patterns were contrasting in the small and large size classes (Fig. 4) .
Trawling intensity had significant effects on total biomass, species richness and secondary production, but total biomass was the only variable for which a significant negative relationship was found over all the time scales of fishing disturbance examined. The different effort-aggregation categories (short-, mid-and long-term) were applied to obtain an indication of whether changes in infaunal communities were predominantly related to long-term or short-term disturbance patterns and processes. The effect on biomass over the long term is not surprising because the larger infauna, which characterize the biomass patterns, are mainly long-lived, slow growing species; thus, their recovery time after disturbance events might be longer than the disturbance frequency, resulting in a longterm change of biomass distribution. Total production, although strongly influenced by biomass, is also influenced by other factors such as temperature, which react over much shorter time scales. Large-bodied and fragile species are known to be strongly affected by fishing disturbance (e.g. De Groot & Lindeboom 1994, Kaiser et al. 1998 ). In our study, mainly the brittle star Amphiura filiformis and the bivalves Nucula nitidosa and Chamelea gallina were found to have the lowest biomass and abundance values in the heavily trawled areas. This agrees with the results of Duineveld et al. (2007) who found higher abundance of bivalve and brittle star species in a closed area compared to the surrounding trawled areas in the southwestern North Sea. The decline of these species due to fishing disturbance may have further cascading effects on the diversity and functioning of the entire benthic community. Widdicombe et al. (2004) have shown that bioturbating echinoderm species such as Brissopsis lyrifers and Amphiura chiajei, which can be strongly affected by trawling activities, can significantly enhance infaunal diversity. The most important target species for beam trawlers in the southern North Sea (the plaice and the sole), depend on infauna as their main food source (e.g. Rijnsdorp & Vingerhoed 2001) . Thus, changes in the production of infauna may also have important consequences for the targeted flatfish populations. It has been hypothesized that the establishment of the plaice box and the resulting reallocation of fishing effort may have decreased benthic production within the box, which may have led to changes in the spatial distribution of young plaice towards the more productive offshore areas in the 1990s (van Keeken et al. 2007 ). As mentioned above, the range of fishing effort applied in this study was not in the low-level effort range of the plaice box to address this hypothesis. Nevertheless, our results indicate that an increase in fishing effort in regularly fished areas would lead to a decrease in secondary production and biomass of infauna, and thus of food supply for the targeted flatfish species. Hiddink et al. (2008) suggested that the production of the infaunal component eaten by flatfish is higher in areas that are disturbed by trawling; thus, closing areas to trawling to protect flatfish species (i.e. the plaice box) can actually result in a reduction in food availability for the species that we are trying to protect (and subsequent migrations of the protected species out of the protected area). Here, we found that higher intensities of trawling were related to lower levels of production of the larger infauna that are likely to be predated by adult flatfish (4 mm sieve fraction), while there was no significant relationship of production with fishing intensity for the smallest size fraction (likely to be predated on by juvenile flatfish), although an increasing trend occurred. Especially for r-selected species, such as the tentaculate Phoronis muelleri and the polychaetes Owenia fusiformis and Lagis koreni, the highest abundances were found in the heavily trawled areas. These opportunistic species may indeed benefit from fishing disturbance due to their ability to respond to favourable conditions created by disturbance events by quickly using additional resources such as space and food (Pearson & Rosenberg 1978 , Warwick 1986 ). Nevertheless, the most affected and abundant species P. muelleri, is not at all used as a food source by benthivorous fish due to their chemical defence mechanisms against predators (Larson & Stachowicz 2009, S. Schückel unpubl. data) .
Thus, our results do not confirm the hypothesis that intensive trawling may directly lead to an increase in the production of food for commercial species such as flatfish; however, the range of trawling intensity covered in our study did not extend to levels as low as those recorded in closed areas.
Our results show that bottom trawling also affects the infaunal components of the benthic ecosystem and, therewith, the lower levels of the food web. This in turn has ramifications for fisheries management especially in the context of an ecosystem approach, which has to incorporate all ecosystem components affected by fishing activities. Our results also demonstrate that in a heavily trawled area such as the German Bight, the spatial distribution of fishing effort is still patchily distributed even within small areas with similar habitat characteristics. It has been suggested that fisheries management strategies that preserve patchy but temporally stable fishing distribution would have lower total impact on the benthic fauna than strategies that lead to a homogenisation of fishing effort (e.g. Jennings et al. 2002 . Of course, this depends mainly on the specific ecosystem management objectives. Although it is yet unclear which nontarget ecosystem properties and components need to be managed within an ecosystem approach, our results indicate that regulation of fishing effort will influence infaunal production, biomass, species number and to a lesser extent, community structure, even in areas with high chronic fishing disturbance. 
